Abstract. This paper introduces a fast adaptive motion estimation algorithm. It is a generic algorithm of the family of motion adaptive fast search techniques, and it offers high performance both in quality and speed and does not require memory to store the searched points and motion vectors. The fast motion estimation algorithm is recommends as the core technology for fast motion estimation, since it is a generic solution suitable for all encoding environments.
Introduction
The optimization of fast motion estimation is essentially a multi-dimensional problem. The key dimensions concerned in this problem are: Rate, Quality (PSNR), Speed-up (or Computational Gain), Algorithmic Complexity, Memory Size and Memory Bandwidth (see Figure 1 ). There always exists a trade-off among all these five key dimensions. Therefore, it is highly desirable to have an adaptive fast motion estimation core algorithm with scalable structure, which can be adaptively optimized with respect to all or selected aspects for various coding environment and requirements. Since the rate control is used to fix the bit-rate, the optimization problem is reduced by one dimension to four dimensions. 
Technical Description of Core Technology

Detection of Stationary Blocks
A large number of MBs in the video sequences with low-motion content tend to have motion vectors equal to (0, 0). Such MBs in the regions of no-motion activity can be detected simply based on the sum of absolute difference (SAD) at the origin. Therefore, we exploit an optional phase, called early elimination of search, as the first step in the fast adaptive motion estimation algorithm as follows. The search for a MB will be terminated immediately, if its SAD value obtained at (0, 0) is less than a threshold T, and the motion vector is assigned as (0, 0). Through extensive simulations, we found that among those zero-motion blocks identified, about 98% of them have their SAD at position (0, 0) less than 512. Hence, we choose T =512 to enable the mechanism of early elimination of search. Since this early elimination of search phase is optional, it can be turned off or disabled by imposing T =0.
Determination of Local Motion Activity
The local motion vector field at a macroblock (MB) position is defined as the set of motion vectors in the region of support (ROS) of that MB. The ROS of a MB includes the n neighborhood MBs. In MVFAST, the ROS with n=3 is shown in Figure 2 . Let V={V 0 , V 1 , ….V n }, where V 0 = (0,0), and V i (and i  0) is the motion vector of MB i in the ROS (see Figure 3) . The city block length of
The motion activity at the current MB position is defined as follows.
Motion Activity = Low, if L L1;
(1) where L 1 and L 2 are integer constants. We choose L 1 and L 2 as the city block distance from the center point of the pattern to any other point on the small and large search patterns (see Figure 4) , respectively. Thus, L 1 =1 and L 2 =2. In this case,
Search Center
The choice of the search center depends on the local motion activity at the current MB position. If the motion activity is low or medium, the search center is the origin. Otherwise, the vector belonging to set V that yields the minimum sum of absolute difference (SAD) is chosen as the search center. 
Search Strategy
A local search is performed around the search center to obtain the motion vector for the current MB. The search patterns employed for the local search are shown in Figure 4 . Two strategies are proposed for the local search and their choice depends on the motion activity identified. If the motion activity is low or high, we employ small diamond search (SDS). Otherwise, we choose large diamond search (LDS). i) Small Diamond Search (SDS)
Step 1: Small diamond search pattern (SDSP) is centered at the search center, and all the checking points of SDSP are tested. If the center position yields the minimum SAD (i.e., no motion), then the center represents the motion vector; otherwise, go to Step 2.
Step 2: The center of SDSP moves to the point where the minimum SAD was obtained in the previous step, and all the points on SDSP are tested. If the center position yields the minimum SAD, then the center represents the motion vector; otherwise, recursively repeat this step.
ii) Large Diamond Search (LDS)
Step 1: Large diamond search pattern (LDSP) is centered at the search center, and all the checking points of LDSP are tested. If the center position gives the minimum SAD, go to Step 3; otherwise, go to Step 2.
Step 2: The center of LDSP moves to the point where the minimum SAD was obtained in the previous step, and all the points on LDSP are tested. If the center position gives the minimum SAD, go to Step 3; otherwise, recursively repeat this step.
Step 3: Switch the search pattern from LDSP to SDSP. The point that yields the minimum SAD, is the final solution of the motion vector.
Perspectives on Implementing the Fast Adaptive Motion Estimation Algorithm
The fast adaptive motion estimation algorithm can be structured in terms of profiles. The fast adaptive motion estimation algorithm itself as described above can be viewed as the main profile. The low, medium and high motion activity cases in Table 1 can be considered individually as three other different profiles of the fast adaptive motion estimation algorithm. Depending on the video coding applications, any one of these individual profiles can be turned "ON" simply by adjusting the two parameters, L 1 and L 2 , in Equation (1). If we set L 1 = L 2 = Search Range, we obtain "low motion activity" profile. The "medium motion activity" profile (which is the same as Diamond Search, as described in VM Version 14) can be obtained, if we set L 1 = 1 and L 2 = Search Range. For "high motion activity" profile, we can set L 1 = L 2 = 1. Note that in this case, Search Range = 2*N, if the search in either coordinate is in the range [N, N-1].
Although the fast adaptive motion estimation algorithm is implemented in an intelligent way such that the overlap of search points is minimized when the search pattern moves, few search points are visited more than once. This overlap can be avoided by keeping the record of all the search points visited and testing if the current search point is visited earlier. Thus further improvement over speed-up can be achieved.
The search point (0,0) is always tested in the fast adaptive motion estimation algorithm. However, some improvement in computational gain is obtained by testing (0,0) point only, if any of the motion vectors in the ROS has motion vector = (0,0).
Through extensive experiments using the fast adaptive motion estimation algorithm, it is found that further improvement in objective quality can be achieved when interlaced CCIR sequences with high global motion are coded in progressive mode, by including the motion vector of collocated block on the previously coded non-intra frame in the set V. During the motion estimation of interlaced pictures, each frame prediction of macro block motion is performed before field motion estimation. Therefore, for field motion estimation of current macro block, its frame motion vector is included in set V.
From hardware implementation viewpoint, to restrict the total number of search points for a block in the worst case to be N, an additional stopping criterion"stop the search when the number of search points visited so far is equal to N", can be included in SDS and LDS .
Conclusions
The Conclusions of the fast adaptive motion estimation algorithm is given in Table 1 . The fast adaptive motion estimation algorithm is recommends as the core technology for fast motion estimation, since it is a generic solution suitable for all encoding environments.
